We show that the nonlinearity in periodically poled photovoltaic photorefractives can be solely of the cross-phase-modulation type. The effects of self-phase-modulation and asymmetric energy exchange, which exist in homogeneously poled photovoltaic photorefractives, can be considerably suppressed by the periodic poling. Finally, we demonstrate numerically that periodically-poled photovoltaic photorefractives can support Thirring-type ("holographic") solitons, which have never been observed.
In optically-nonlinear materials, the presence of light modifies the material properties.
The process through which a beam is experiencing an intensity-dependent nonlinear phase shift induced by the beam itself is commonly referred as self-phase modulation (SPM) and is accompanied by self-focusing/defocusing of the beam [1] . A rather different nonlinear effect is cross-phase modulation (XPM), in which the nonlinear phase shift experienced by one beam is induced by the presence of another beam, and vice versa. In optical systems, XPM has been traditionally believed to be "always accompanied by SPM" [1] . Recent studies, however, have revealed optical systems that exhibit strong XPM but lack SPM altogether [2] [3] [4] [5] [6] [7] [8] . In such systems, two (or more) narrow beams that propagate jointly interact via XPM and undergo mutualfocusing, whereas an individual beam component experience linear propagation. Such systems are known from the mathematics arena to support Thirrin-type soliton [9, 10] , which form solely by virtue of XPM. Thus far, Thirring-type solitons have evaded experimental observation, probably because it is very difficult to find lossless optical systems exhibiting appreciable XPM but lacking SPM altogether are rare. In fact, such systems were only demonstrated in a highly coherent Raman medium [3] and in an atomic 4-level system under electromagnetic induced transparency conditions [5] . Common to these systems is the fact that the interacting beams are at a different frequency.
In fact, such a system was only recently demonstrated for the first time, occurring in an atomic 4-level system under electromagnetic induced transparency conditions [3] .
Here, we suggest a new scheme to produce an optical nonlinearity that is solely XPM between interacting beams with the same frequency. The scheme is based on periodically-poled photovoltaic photorefractive crystals, such as PPLN. Under appropriate conditions, the periodic poling considerably suppresses the SPM nonlinearity and averages out the unidirectional energy transfer, while leaving the XPM nonlinearity unaffected. Finally, we show that such periodicallypoled photovoltaic photorefractives can support the hitherto unobserved holographic solitons.
Consider first the nonlinear interaction between two beams propagating in a homogeneously-poled photovoltaic photorefractive crystal, such as Lithium niobate (Fig. 1a) .
The beams are mutually coherent and propagate at small angles θ ± relative to z-axis such that their interference intensity forms a 1D grating with a wavevector in the x-direction, which is parallel to the crystalline c-axis. 
The term
) arises from the photovoltaic space charge field produced by the transversally-averaged intensity pattern, and it gives rise to equal SPM and XPM nonlinearities.
The terms δ , the relevant length is the width of the beam, which is much larger than the poling periodicity, (W>>L). Hence, the photovoltaic field, and consequently the photovoltaicphotorefractive effect (manifested in 1 δ ), are considerably suppressed by the rapid sign alternation of charges at the beam boundary (Fig. 1c) . In 2 δ , on the other hand, the relevant length scale is the periodicity of the intensity grating, which is much smaller than the poling periodicity (d<<L). Hence, the photovoltaic field is only suppressed in narrow regions near the domain interfaces while within the domains its absolute value is practically unaffected (Fig. 1d) [12, [19] [20] [21] . Moreover, the sign of 2 δ does not depend on the poling direction, because the signs of both the photovoltaic field and the electro-optic coefficient, r 33 , are opposite in anti-parallel domains. Thus, 2 δ is practically unaffected by the poling periodicity [12, [19] [20] [21] . The absolute value of 3 δ is independent of the poling direction, yet its sign is opposite in anti-parallel domains (because the diffusion field is independent of the crystalline axes, hence the sign of 3 δ follow the sign alternation of r 33 ). Consequently, the affect caused by 3 δ (asymmetric energy exchange, e.g. from A to B) is averaged out throughout propagation, because energy is transferred in opposite directions in anti-parallel domains [12, 20] . . Clearly, the nonlinearity is saturable and is solely XPM.
Hence, if the beams are narrow in y, then both beams experience mutual focusing/defocusing in y. The focusing results from the induced grating (hologram), which is periodic in the direction perpendicular to the focusing direction, hence it was termed holographic focusing [15, 16] .
Moreover, for such a set of equations, holographic solitons [2] [stationary mutually-trapped solutions of Eq. (4)], as well as more complex structures such as multi-mode [7] and dissipative holographic solitons [23] , are known to exist. In conclusion, we have shown that periodically poled photovoltaic photorefractives can exhibit a nonlinearity involving solely cross-phase modulation between two beams. The conditions for such solely-XPM conditions are that the poling periodicity is much smaller than the width of the interacting beams, but much larger than the period of the interference grating they form, i.e., W>>L>>d. We expect that relaxing this condition will lead to a continuous control of the ratio between the SPM and the XPM nonlinearities. Finally, we numerically demonstrated that this nonlinearity in periodically poled crystals gives rise to stable holographic solitons. We believe that Thirring-type holographic solitons will soon be demonstrated. A potentially important property of these solitons is their ability to facilitate instantaneous switching in a slowly response nonlinearity [2] .
11. In Latium niobate r 51 is comparable to r 33 . However, its contribution to the nonlinearity is significantly smaller because a) G 23 =0 hence there is no photovoltaic field in y-and zdirections b) dx dI dy dI dz dI << , 
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